Introduction
Coal mine gas explosion is a serious threat to people's lives and property safety. Human body static is an important cause of coal mine gas explosion. The generation and discharge of human body static electricity is influenced by a number of factors. When there is too much human body static electricity, the discharge energy could cause gas explosion, resulting in significant harm.
Human body capacitance in narrow trench of coal mine
The human body capacitances of miners in uniform at different places of the narrow trench are tested with "the simulating device of mining narrow trench" (only parts of the data are listed in table 1). (Ω)  1 male 165  63  135  2720  2850  2730  2650 2690  2×10   10   2 male 173  72  150  2400  2810  2800  2500 2610  2×10   10   3 male 181  73  155  2710  3020  3000  2700 2700  2×10   10   4 male 177  72  160  1700  1550  1520  1620 1300  2×10   10 a Temperature: 19℃； Relative humidity: 45% * To whom any correspondence should be addressed. Results in table 1 show that the body capacitances of the miners at the outlet are less than one tenth of the inner.
"The simulating system of the human body electrostatic discharge detonating gas" consists of mixed gas chamber, the ignition device of human body ESD simulator, the control unit, gas measurement unit, oxygen measurement unit, temperature measurement unit, alarm screen, PC and gas supply devices. The schematic diagram is shown in figure 1 . The gas concentration is measured with the system. The measured error of gas concentration is less than 0.1%.
Figure 1. Schematic diagram.
With "the simulating system of the human body electrostatic discharge detonating gas", discharge experiments are made, and the human body capacitances range from 100 pF to 2700 pF (the human body resistance is chosen as 350 Ω).
In experiments, the gas of concentration from 5% to 16% is filled into the chamber. The gas mixture is detonated by "the simulating system of the human body electrostatic discharge detonating gas". The gas concentration, oxygen concentration and mixture temperature in time of the gas explosion are shown. In this way different human body ESD energy detonating gas and the easiest detonated gas concentration in different conditions of temperature and oxygen concentration can be verified. Human body leakage resistance, relative humidity, the discharge gap of the human body ESD model and the gas concentration are shown in table 2.
The human body discharge voltage detonating gas
Electrostatic discharge detonating gas must meet three conditions:
• Electrostatic discharge energy must be greater than the gas mixture's minimum ignition energy 0.28 mJ.
• Field strength of the discharge voltage must be greater than 22 kV/cm, which is the breakdown field strength of the gas mixture.
• Gas concentrations must be in the explosive concentration limits of 5% -16%.
That is to say, discharge voltage ensures that the human body discharge energy should be greater than 0.28 mJ, and the discharge field strength should be greater than 22 kV/cm. To detonate gas mixture, the human body voltage not only must be greater than E 0 d. W is the minimum ignition energy. C is the human body capacitance. E 0 is the breakdown field strength of gas mixture, and d is the discharge gap. Table 2 . Some experimental parameters of gas mixture explosion with "the simulating system of the human body electrostatic discharge detonating gas". 
No

The relationship between the human body discharge voltage and resistance
Take a Gaussian surface in the miner's dress; the current and current density vector δ r through the closed surface of the dress and the charge Q satisfy the following relationship. τ is known as the electrostatic half-life.
If the charge is Q at a moment, from the charge attenuation formula (6), the decrease of electricity from t to t + dt is: If the electricity generated in unit time is P, then the total electricity increased from t to t + dt is: 
It can be seen that there is a maximal limit of Q:
Therefore, electrostatic charge has a maximum value, and the maximum value is proportional to the electrostatic half-life and the electricity generation rate. The larger the electrostatic half-life is, the more the maximal static electricity on human body is. The larger the electricity generation rate is, the more the maximal static electricity on human body is. In this paper, the human body capacitances in different places of narrow mine tunnel is discussed. The human body capacitance at the outlet of narrow tunnel is less than one tenth of that in the middle of the tunnel. So it is dangerous for miners to move out of a narrow tunnel. The human body electrostatic discharge voltage detonating gas and the relationship between the human body discharge voltage and resistivity of miners' dress are also discussed. From the discussion it can be seen that the miners' dress and intense movements of miners influence the maximal static electricity on human body. So miners' dress should be selected strictly and intense movements of miners in coal mine should be forbidden.
